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cells ml-I). The turbidity of the cultures was measured in an Eppendorf photometer at 578 nm. During growth, production of pyrrolnitrin was monitored by thin-layer chromatography and by a quantitative bioassay.
Microbial assay of pyrrolnitrin. Pyrrolnitrin was assayed using the agar-well diffusion technique, with Neurospovu crassa ATCC 9276 as the test organism according to the method of Gordee & Westhead (1972) .
Complete agar (see above) containing lo5 N. crassa spores ml-1 was designated NC-agax. NC-agar was also used for the qualitative estimation of antibiotic activity produced by replica-plated colonies. Colonies of P. aureofaciens ATCC 15926 caused only inhibition of conidiation of N. C P~S S Q on NC-agar. The minimal inhibitory concentration of pyrrolnitrin was 0.3 pg ml-l.
Conditions for mutugenesis and isolation of mutants. For mutagenesis the method of Adelberg et al. (1965) was used. Exponentially growing cells (5 x lo9 cells ml-l) from P. aureofaciens ATCC 15926 were treated with N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) at a final concentration of 20 pg ml-1 in 0.1 M-KH,PO,/K,HPO, buffer pH 7.0. Cells at 5 % survival (after 8 min) were plated in appropriate dilution on complete agar. After incubation at 30 "C, colonies with a diameter of 2 to 3 mm were replica-plated on to minimal agar, complete agar and NC-agar. Mutants producing increased amounts of pyrrolnitrin were detected on NC-agar by the zones of inhibition (approx. diam. 5 to 7 mm) surrounding them. After cloning, mutants were grown in minimal medium for 5 d and assayed quantitatively for pyrrolnitrin production. The strain with the highest production capacity was further characterized by comparison with the parent strain. Standard methods were employed for morphological and physiological studies (Society of American Bacteriologists, 1957 ; Skerman, 1967) .
Extraction and isolation of metabolites. After 5 d incubation, cultures in minimal medium were extracted with 1 vol. ethyl acetate at pH 5.5. The organic layer was separated and concentrated in VQCUO to one-tenth of its original volume. A sample (50~1) was applied to a silica gel 60 plate and co-chromatographed with authentic aminopyrrolnitrin, ant hranilic acid, indole-3-acetic acid, phenazine-1 -carboxylic acid and pyrrolnitrin (each 0.01 %, w/v, in propan-2-01). Aminopyrrolnitrin and pyrrolnitrin were separated using benzene as solvent, with RP values of 0-29 and 0.62, respectively. Separation of the other compounds was achieved using ethyl acetate/propan-2-ol/water (65 : 24: 11, by vol.) as solvent, with the following RF values: anthranilic acid, 0-87; indole-3-acetic acid, 0.79; phenazine-l-carboxylic acid, 0.59. The corresponding migration positions were detected under U.V. light at 254 nm and by spraying with Van Urk's reagent (Stahl& Kaldewey, 1961) . Ethyl acetate extracts were applied to a silica gel 60 column (SOX 5 cm) to obtain a larger amount of metabolites for spectroscopic studies. Further purification procedures were carried out as described previously .
Analytical procedures. Ultraviolet spectra were measured by the Spectralphotometer DMR 21 (Zeiss, Oberkochen, F.R.G.). Infrared spectra of metabolites in KBr discs were recorded using a Leitz spectrograph (Leitz, Wetzlar, F.R.G.). Mass spectra were obtained with a Varian MAT 31 1 (Varian, Bremen, F.R.G.) instrument (ionizing voltage 90 eV).
Chemicals and biochemicals. All compounds were of the highest purity grade available. Aminopyrrolnitrin was prepared from pyrrolnitrin by reduction with sodium dithionite under alkaline conditions (Schroter, 1957) . Pyrrolnitrin was a gift from Ciba-Geigy, Basel, Switzerland. Silica gel 60 (230 to 400 mesh ASTM) was purchased from Merck,Darmstadt, F.R.G.,and silica gel60 FZ6, plates (0.25 mm thickness) were obtained from Macherey-Nagel & Co., Duren, F.R.G. MNNC was kindly supplied by D r R. Sussmuth, Institute of Microbiology, Hohenheim, F.R.G. Phenazine-l-carboxylic acid was a gift from Professor U. Hollstein, Albuquerque, U S A . Multodiscs for testing antibiotic sensitivity were purchased from Oxoid.
RESULTS A N D D I S C U S S I O N
Among 3 x lo4 colonies examined, five colonies with distinct inhibition zones were detected on NC-agar. Pyrrolnitrin concentrations, determined by the quantitative bioassay, ranged from 0.8 to 7 pg ml-I. One isolate (P. aureofaciens ACN) formed 9 ,ug ml-l in liquid culture. The increased production was stable during cloning and growth studies. Under the test conditions used pyrrolnitrin was formed in the stationary growth phase (Fig. I) .
Several phenotypic properties of the mutant strain P. aureofclciens ACN were compared with those of the parent strain, P. aureofaciens ATCC 15926. Both strains showed the morphological and physiological characteristics listed for P. aureufaciens in Bergey's Manual (Buchanan & Gibbons, 1974) except that nitrate was not reduced to nitrite. Their antibiograms were identical. The bacteria were inhibited by colistin sulphate (10 pg), kanamycin (5 pg), neomycin (1 0 pg), streptomycin (1 0 pug) and tetracycline (10 pg). They were resistant to ampicillin (2 pg), cephaloridine (5 pg), chloramphenicol (10 pg), cloxacillin (5 pg), erythromycin (10 pg), fusidic acid (10 pug), lincoinycin (2 pg), methicillin (10 pug), novobiocin (5 pg), penicillin G (1.5 i.u.), and sulphafurazole (100 pg). Colonies of the mutant strain were colourless, while those of the parent strain were yellow-orange. However, as described below, both strains were able to produce phenazine-1-carboxylic acid. The lack of pigmentation in the mutant strain might indicate that it is unable to synthesize 2-hydroxyphenazine-1 -carboxylic acid, which is known to be the yellow-orange pigment of P. aureofaciens (Olson & Richards, 1967) .
The mutant strain grew extremely slowly on L-tryptophan as the sole source of carbon and nitrogen (Table 1 ). This slow growth was not due to the appearance of revertants but to the utilization of the side-chain of the L-kynurenine formed. A blue fluorescent compound accumulated in large amounts during growth on L-tryptophan ; this was identified as anthranilk acid. Anthranilic acid was metabolized by the parent strain but not by the mutant strain. D-Tryptophan, indole-3-acetic acid and indole were not used by either strain.
Compounds from divergent pathways of tryptophan metabolism were isolated to examine whether substitution patterns were altered in the metabolites produced by the mutant. Anthranilic acid, aminopyrrolnitrin, indole-3-acetic acid, phenazine-1-carboxylic acid and pyrrolnitrin were isolated from cultures of 10 1 batches of both strains. Ultraviolet, infrared (results not shown) and mass spectra were identical for the compounds isolated from the culture media of both strains and for the reference compounds (Table 2) . Mixed melting points showed no depression. The increased antibiotic activity is therefore not due to the synthesis of a new, biologically more active pyrrolnitrin.
3-Chloroanthranilic acid and 7-chloroindole-3-acetic acid were isolated from the cultures of both strains .
In the fluorescent group of pseudomonads only P. syringae (P. savastanoi) has been reported to synthesize indole-3-acetic acid (Maggie et al., 1963) . The increased production of pyrrolnitrin may be considered in relation to the flow of metabolites by different pathways from the common precursor, tryptophan. The mutant strain was not capable of using anthranilic acid as sole carbon source. This compound arises from the benzene moiety of tryptophan. Thus, in the mutant one of several pathways competing with pyrrolnitrin synthesis is probably at least partially blocked.
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